




























10 3
 

10 5
 

10 7
 

10 9 (a)

10 3
 

10 5
 

10 7
 

10 9

2.01.51.00.50.0

f (arb. units)

(b)

FIG. 1. (a) Power spectrum of a sinusoidal carrier signal before modulation with a direct
sequence spread spectrum signal. (b) Power spectrum of the carrier signal after modulation with
a direct sequence spread spectrum signal.
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FIG. 2. (a) Attractor from chaotic part of the driving system eq. (2). (b) Attractor from
� rst limit cycle oscillator of the driving system of eq. (3). (c) Attractor from second limit cycle
oscillator eq. (4) from the driving system.
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FIG. 3. (a) Transmitted signal z. (b) Power spectrum of transmitted signal z.
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FIG. 4. Signal y4 from the response system (eq. 10) plotted vs. x4 from the driving system of
eq. (3), showing phase synchronization.
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FIG. 5. Bit error rates (B ( ER)) as a function of energy per bit normalized by noise power
spectral density (Eb =N0) fortwo di� erent receivers. The black circles are for the full chaotic
response system of eq. (8-10), while the open squares are for a conventional receiver de� ned by
eqs. (8-9).
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FIG. 6. Power spectrum of the squared direct sequence spread spectrum signal.
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FIG. 7. Probability of detection Pd as a function of signal to noise ratio SN for the direct
sequence spread spectrum signal (open squares) and the chaotic signal (black circles).
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FIG. 8. Power spectrum of z 2 , where z is the chaotic communication signal of eq. eq. (7).


